Introduction {#Sec1}
============

Breast cancer is one of the leading causes of cancer mortality in women worldwide. Certain clinicopathological factors such as histological grade, lymph node metastasis, tumor-node-metastasis (TNM) stage, and hormonal status have been widely used to predict clinical outcome. However, due to the heterogeneous nature of the disease, there is no universally applicable prognostic marker for breast cancer. Therefore, the search for novel molecular prognostic biomarkers to identify patients with a very poor prognosis is an ongoing task.

SIRT1 is a type III histone deacetylase. It has also been shown to deacetylate non-histone proteins, including signaling molecules such as Smad \[[@CR1]\], STAT3 \[[@CR2]\], and c-Myc \[[@CR3]\]; the transcription factor P53 \[[@CR4]-[@CR6]\]; and FOXO family proteins \[[@CR7]\], which are involved in tumorigenesis, tumor aggression, and prognosis. The role of SIRT1 in breast carcinoma, and especially its association with outcome \[[@CR5],[@CR8]-[@CR12]\], is a cause for much debate due to conflicting reports of its dual role as an oncogene \[[@CR13]\] and a tumor suppressor gene \[[@CR14]\]. Some studies have found that SIRT1 expression is significantly associated with poor survival \[[@CR8]-[@CR10]\], while, in contrast, others reported an association with good prognosis in breast carcinoma \[[@CR5],[@CR11],[@CR12]\]. Therefore, the definitive role of SIRT1 in breast cancer prognosis remains unclear.

Notch1 signaling is a highly conserved communication pathway between neighboring cells. The interaction between the Notch1 receptor and the ligand, Jagged1, Jagged2, or DLL1-3, expressed by adjacent cells, leads to proteolytic cleavage of Notch1 by γ-secretase, thus releasing the Notch1 intracellular domain (N1IC). N1IC then enters the nucleus and regulates downstream gene transcription by binding to transcription factors, such as Snail \[[@CR15]\]. Notch1 signaling has been associated not only with varieties of tumors' proliferation, invasion \[[@CR16]\] and prognosis \[[@CR17]\] but also with human breast tumorigenesis and progression \[[@CR18]-[@CR20]\], and recent studies have reported that high expression of Notch1 is significantly associated with lymph node metastasis and poor overall survival \[[@CR21],[@CR22]\]. However, as expression of the Notch1 protein does not always correlate with Notch1 signaling, N1IC is a more reliable marker of activated Notch1 signaling. Our study showed there was not significant difference of Notch1 and N1IC expression in protein or mRNA levels in breast cancer specimen (Additional file [1](#MOESM1){ref-type="media"}: Figures S1-S2). We further investigate the N1IC expression of Notch1 signaling and the downstream transcription factor, Snail, with regard to prognosis in breast cancer.

The relationship between SIRT1 expression and Notch1 signaling has been noted in recent years. In non-tumor specimens, the association of SIRT1 with Notch was discussed about stem cell self-renewal, asymmetric cell division, stem cell aging \[[@CR23]\], differentiation of neural precursor cells \[[@CR24]\], bicuspid aortic valve pathogenesis \[[@CR25]\], and vascular growth and energy homeostasis \[[@CR26],[@CR27]\]. In tumor specimens, previous a study have revealed the Notch signaling was inactivated due to SIRT1 overexpression in Ewing sarcoma cells and offered a novel treatment option in metastatic Ewing sarcoma \[[@CR28]\]. In addition, SIRT1 negatively regulated the activity of Notch1 signaling in endothelium of lung cancer and inhibited N1IC expression which leading to endothelial cell proliferation and promoting the growth of lung cancer \[[@CR14]\]. However, despite increasing interest in SIRT1 and Notch1 signaling, their expression patterns and prognostic significance in breast carcinoma are unknown.

Therefore, we assessed the possibility of SIRT1 and components of the Notch1 signaling pathway as prognostic biomarkers for breast cancer. This could help to identify patients with poor prognosis who would benefit from additional treatment. In this study, we examined the expression pattern of SIRT1, N1IC, and Snail protein using immunohistochemical staining in breast cancer samples, and investigated their association with clinicopathological parameters. Furthermore, we evaluated the prognostic value of SIRT1 and Notch1 signaling in patients with breast cancer.

Materials and methods {#Sec2}
=====================

Patients and samples {#Sec3}
--------------------

The current study was conducted on 150 patients with breast carcinoma and matched adjacent normal breast tissues. These cases were obtained from the First Affiliated Hospital, Shihezi University, School of Medicine and were diagnosed between January 2000 and December 2009. Immunohistochemical (IHC) analysis of formalin-fixed paraffin-embedded specimens was carried out at the hospital's Department of Pathology. The staining results were independently evaluated by two experienced pathologists, without prior knowledge of clinical information. Multiple clinical and pathological parameters were obtained from medical records and original pathology reports, including age (range 29--80 years), histological grade (1 and 2 versus 3), lymph node metastasis (absent versus present), TNM stage (I, II, and III versus IV), estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) status (negative versus positive), and use of adjuvant treatment (chemotherapy, radiotherapy and endocrine therapy). In the evaluation of IHC results of HER2, negative (−) and (1+) were regarded as negative status, and (3+) was regarded as positive status, to (2+) IHC result, it was further assessed the positive or negative status using FISH. The follow up for 150 patients was carried out during clinic interviews or with phone calls, because of survival data missing on 28 patients, therefore, a final number of 122 cases breast cancer patients' survival state were analyzed in the present study. The total period of follow-up was 2--161 months. The matched normal breast tissues were collected at least 4 cm away from the tumor site. The study was approved by the Institutional Human Ethics Committee of Shihezi University School of Medicine, and written consent was received from all patients enrolled in the study.

Immunohistochemistry on tissue microarrays {#Sec4}
------------------------------------------

We reviewed all hematoxylin and eosin stained slides and selected the appropriate breast cancer area for preparation of the tissue microarray sections. Then one core (1.0 mm in diameter) of representative areas from each cancer in paraffin block were deposited in a new paraffin block using a semi-automated tissue arrayer. The sections were cut from tissue microarray paraffin blocks, dewaxed in xylene, and rehydrated in graded alcohol. Antigen retrieval was carried out in EDTA (pH 9.0; Zymed, Life Technologies, Carlsbad, CA, USA) using microwave. Endogenous peroxidase activity was blocked by immersion in 3% hydrogen peroxide at room temperature for 10 min. Tissue sections were incubated at 4°C overnight with anti-SIRT1 (1:200, sc-15404; Santa Cruz Biotechnology, Dallas, TX, USA), anti-N1IC (1:200, ab8925; Abcam, Cambridge, UK), or anti-Snail (1:50; ab53519; Abcam, Cambridge, UK). Sections were subsequently incubated with secondary antibody (Dako Cytomation EnVision System, Dako, Denmark) for 30 min and visualization was performed using DAB (Dako, Denmark). Finally, tissue sections were counterstained with hematoxylin. Sections were washed with PBS twice for 5 min between each step. The primary antibody was replaced with PBS for control experiments.

Evaluation of immunostaining {#Sec5}
----------------------------

Expression levels of SIRT1, N1IC, and Snail were semi-quantitatively scored by calculating the percentage of positively stained cells and the staining intensity, according to Wu et al. \[[@CR9]\] and Jethwa P et al. \[[@CR29]\], with slight modifications. The percentage of positively stained cells was scored on a scale of 0 to 4 as follows: 0 (\<1%, absent), 1 (1--24%, sporadic), 2 (25--49%, local), 3 (50--74%, majority), and 4 (75--100%, vast majority). The staining intensity was scored from 0 to 3 as follows: 0 (negative), 1 (buff), 2 (yellow), and 3 (brown). The scores for percentages of positive cells and staining intensities were then multiplied to generate an immunoreactivity score (IS) for each case. The IS ranged from 0--12 (0, 1, 2, 3, 4, 6, 8, 9, and 12). Cutoff values for this scoring system were assigned as follows: high expression of SIRT1, N1IC, and Snail was defined as an IS of ≥4 (4, 6, 8, 9, and 12); and low expression was defined as an IS of \<4 (0, 1, 2, and 3).

Statistical analysis {#Sec6}
--------------------

The correlation between N1IC, SIRT1, and Snail expression was determined using Spearman's rank correlation analysis. Inter-relationships between the three markers and clinicopathological parameters were assessed using contingency tables, with a two-tailed chi-squared test or Fisher's exact test for trend analysis, as appropriate. Survival curves were estimated using the Kaplan--Meier method and compared using the log rank test. Overall survival (OS) time was calculated from the date of surgery to the date of death or to the end of follow-up. Disease-free survival (DFS) time was calculated from the date of surgery to the documented date of disease progression (relapse or metastasis) or to the end of follow-up. Univariate and multivariate survival analyses with calculation of hazard ratios (HR) were performed using Cox's proportional-hazards model to assess whether a factor was an independent predictor of OS or DFS. All statistical analyses were performed using the SPSS software system (version 17.0; SPSS, Inc., Chicago, IL, USA) and GraphPad Prism 5.01 (GraphPad Software Inc., La Jolla, CA, USA). A *p*-value ≤0.05 was considered to be statistically significant.

Results {#Sec7}
=======

Expression of SIRT1, N1IC, and snail protein in breast carcinoma tissue {#Sec8}
-----------------------------------------------------------------------

We measured the protein expression of SIRT1, N1IC, and Snail in 150 patients with breast cancer and matched adjacent normal breast tissues. The positive staining (low vs. high) photographs of SIRT1, N1IC and Snail protein in cancer tissues were presented in Figure [1](#Fig1){ref-type="fig"} using the consecutive slides and co-localization. SIRT1 and Snail were predominantly localized in the nucleus, while N1IC staining was located in the nucleus and/or cytoplasm. Only nuclear N1IC expression was evaluated.Figure 1**Representative images of immunohistochemical staining of SIRT1, N1IC and snail in breast carcinoma tissues.** All markers are primarily expressed in the nuclei of the tumor cells. (original magnification × 400). **A)**, **B)**, and **C)**: Low expression of SIRT1 and high expression of N1IC, Snail in consecutive slides and co-localization. **D)**, **E)**, and **F)**: High expression of SIRT1 and low expression of N1IC, Snail in consecutive slides and co-localization. **A)** and **D)**: Low and high expression of SIRT1. **B)** and **E)**: High and low expression of N1IC. **C)** and **F)**: High and low expression of Snail.

The expression profiles of SIRT1, N1IC, and Snail in cancer tissues compared with corresponding normal tissues were presented in Figure [2](#Fig2){ref-type="fig"}. The results showed the expression level of SIRT1 protein was significantly lower in cancer than normal tissues (*p* = 0.000), then, the expression level of N1IC and Snail were markedly up-regulated in cancer tissues (*p* = 0.027, *p* = 0.001, respectively).Figure 2**The protein expression levels of SIRT1, N1IC, and Snail in 150 cases with breast cancer and adjacent normal tissues.**

In all cancer and normal tissues, the expression of SIRT1, N1IC, and Snail were presented mainly in high expression status (Table [1](#Tab1){ref-type="table"}). Moreover, the high expression rate of SIRT1 was significantly lower in cancer than normal tissues (*p* = 0.000). On the contrary, the high expression rate of N1IC and Snail were markedly increasing in cancer tissue (*p* = 0.003, *p* = 0.001, respectively).Table 1**The expression status of SIRT1, N1IC and sail in 150 patients with breast cancer and adjacent normal breast tissuesGroupnSIRT1*p-*** **valueN1IC*p-*** **valueSnail*p-*** **valueHigh (%)Low (%)High (%)Low (%)High (%)Low (%)**Cancer150116 (77.3)34 (22.7)0.000\*112 (75.0)38 (25.0)0.003\*93 (62.0)57 (38.0)0.001\*Normal150138 (92.0)12 (8.0)88 (58.7)62 (41.3)65 (43.3)85 (56.7)\*P \< 0.05.

The expression relationship between SIRT1 and N1IC protein in 150 samples with breast cancer showed a significant inverse correlation (r = −0.166, *p* = 0.042) in statistical analysis (Figure [3](#Fig3){ref-type="fig"}A). In contrast, we found that N1IC expression had a markedly positive association (r = 0.162, *p* = 0.048) with Snail expression in cancer tissues (Figure [3](#Fig3){ref-type="fig"}B).Figure 3**The pairwise comparison between SIRT1, N1IC, and Snail expression in cancer tissues. A)** The association of SIRT1 with N1IC expression. **B)** The association of N1IC with Snail expression.

Relationship between expression of SIRT1, N1IC, snail and clinicopathological characteristics {#Sec9}
---------------------------------------------------------------------------------------------

We performed the correlation analysis between the expression of SIRT1, N1IC, Snail, and clinicopathological variables in 150 breast cancer patients (Table [2](#Tab2){ref-type="table"}). The results showed that low expression of SIRT1 was markedly associated with lymph node metastasis (*p* = 0.023) and negative PR status (*p* = 0.021). However, the high expression of N1IC and Snail was significantly related to lymph node metastasis (*p* = 0.001, *p* = 0.029, respectively).Table 2**Association of expression level of SIRT1, N1IC, and snail with clinicopathological variablesSIRT1N1ICSnailCharacteristicsNHighLow N (%)*χ*** ^***2***^***p-*** **valueHigh N (%)Low N (%)*χ*** ^***2***^***p*** **-valueHigh N (%)Low N (%)*χ*** ^***2***^***p*** **-value**Age (years)  \< 507457 (77.0)17 (23)0.0080.93060 (81.1)14 (18.9)3.1770.07549 (66.2)25 (33.8)1.1020.294  ≥ 507659 (77.6)17 (22.4)52 (68.4)24 (31.6)44 (57.9)32 (42.1)Lymph node metastasis  Absence8370 (84.3)13 (15.7)5.20.023\*53 (63.9)30 (36.1)11.480.001\*45 (54.2)38 (45.8)4.7780.029\*  Presence6746 (68.7)21 (31.3)59 (88.0)8 (12.0)48 (71.6)19 (28.4)TNM stage  I--III12898 (76.6)30 (23.4)0.30.78894 (73.4)34 (26.6)1.4570.22776 (59.4)52 (40.6)2.5520.110  IV2218 (81.8)4 (18.2)18 (81.8)4 (18.2)17 (77.3)5 (22.7)Histological grade  1 + 210281 (79.4)21 (20.6)0.790.37573 (71.6)29 (28.4)1.6170.20360 (58.8)42 (41.2)1.3650.243  34835 (72.9)13 (27.1)39 (81.3)9 (18.7)33 (68.8)15 (31.2)ER status  Negative7153 (74.6)18 (25.4)0.560.45651 (71.8)20 (28.2)0.5730.44944 (62.0)27 (38.0)00.995  Positive7963 (79.7)16 (20.3)61 (77.2)18 (22.8)49 (62.0)30 (38.0)PR status  Negative7149 (69.0)22 (31.0)5.320.021\*52 (73.2)19 (26.8)0.1450.70341 (57.7)30 (42.3)1.0350.309  Positive7967 (84.8)12 (15.2)60 (75.9)19 (24.1)52 (65.8)27 (34.2)HER2 status  Negative11123 (20.7)88 (79.3)0.920.33732 (28.8)79 (71.2)2.7580.09744 (39.6)67 (60.4)0.4870.485  Positive3911 (28.2)28 (71.8)6 (15.4)33 (84.6)13 (33.3)26 (66.7)Adjuvant therapy  Chemo7557 (76.0)18 (24.0)0.2680.96657 (76.0)18 (24.0)1.3130.72647 (63.1)28 (36.9)5.8530.119  Chemo + Radio1512 (80.0)3 (20.0)13 (86.7)2 (13.3)13 (86.7)2 (13.3)  Chemo + Radio + Endo129 (75.0)3 (25.0)9 (75.0)3 (25.0)9 (75.0)3 (25.0)  Unknown4838 (79.2)10 (20.8)35 (72.9)13 (27.1)27 (56.3)21 (43.7)Chemo: chemotherapy; Radio: radiotherapy; Endo: endocrine therapy; N: number of patients; \*P \< 0.05.

In addition, we classified breast cancer patients into four groups according to the combined expression status of SIRT1 and N1IC as follows: SIRT1-high/N1IC-low (n = 34); SIRT1-low/N1IC-low (n = 5); SIRT1-high/N1IC-high (n = 81); and SIRT1-low/N1IC-high (n = 30). The relationship between these groups and clinicopathological variables was analyzed (Table [3](#Tab3){ref-type="table"}). The SIRT1-low/N1IC-high group was associated with negative HER2 status (*p* = 0.018) and combination therapy of chemotherapy, radiotherapy and endocrine (*p* = 0.042).Table 3**Association of combined expression status of SIRT1 and N1IC with clinicopathological parametersCharacteristicsNSIRT1/N1ICHigh/lowLow/lowHigh/highLow/high*χ*** ^***2***^***p-*** **valueN (%)N (%)N (%)N (%)**Age (years)   \<507412 (16.2)1 (1.4)44 (59.4)17 (23.0)6.0270.110   ≥507622 (28.9)4 (5.3)37 (48.7)13 (17.1)Lymph node metastasis   Absence8318 (21.7)4 (4.8)48 (57.8)13 (15.7)3.6640.300   Presence6716 (23.9)1 (1.5)33 (49.3)17 (25.4)TNM stage   I-III12830 (23.4)4 (3.1)69 (53.9)25 (19.5)0.4410.932   IV224 (18.2)1 (4.5)12 (54.5)5 (22.7)Histological grade   1 + 210218 (17.6)4 (3.9)55 (53.9)25 (24.5)7.3340.062   34816 (33.3)1 (2.1)26 (54.2)5 (10.4)ER status   Negative7117 (23.9)2 (2.8)33 (46.5)19 (26.8)4.7280.193   Positive7917 (21.5)3 (3.8)48 (60.8)11 (13.9)PR status   Negative7117 (23.9)2 (2.8)36 (50.7)16 (22.5)0.9100.823   Positive7917 (21.5)3 (3.8)45 (57.0)14 (17.7)HER2 status   Negative11128 (25.2)4 (3.6)52 (46.8)27 (24.3)10.0520.018\*   Positive396 (15.4)1 (2.6)29 (74.4)3 (7.7)Adjuvant therapy   Chemo7517 (22.7)2 (2.7)43 (57.3)13 (17.3)17.4310.042\*   Chemo + radio152 (13.3)1 (6.7)7 (46.7)5 (33.3)   Chemo + radio + endocrine122 (16.7)1 (8.3)2 (16.7)7 (58.3)   Unknown4813 (27.1)1 (2.1)29 (60.4)5 (10.4)Chemo: chemotherapy; Radio: radiotherapy; Endo: endocrine therapy; N: number of patients; \*P \< 0.05.

Association of SIRT1, N1IC, and snail expression with prognosis in breast cancer {#Sec10}
--------------------------------------------------------------------------------

The prognostic impact of SIRT1 expression and Notch1 signaling was also analyzed in 122 of all 150 patients with breast carcinoma (because of the missing survival data in 28 patients). The relationship of SIRT1, N1IC, and Snail expression with OS and DFS was investigated using Kaplan--Meier survival curves (Figure [4](#Fig4){ref-type="fig"}). We found that low expression of SIRT1 significantly correlated with poor prognosis (*p* = 0.002 for both OS and DFS) (Figure [4](#Fig4){ref-type="fig"}A). Expression of N1IC and Snail did not display statistical difference with OS and DFS (Figure [4](#Fig4){ref-type="fig"}B,C).Figure 4**Survival analyses for SIRT1, N1IC and Snail expression in breast cancer patients. A)** Association of expression level of SIRT1 with OS and DFS. **B)** Association of expression level of N1IC with OS and DFS. **C)** Association of expression level of Snail with OS and DFS. **D)** Association of combined expression status of SIRT1 and N1IC with OS and DFS. **E)** Association of SIRT1-low/N1IC-high and SIRT1-high/N1IC-low with OS and DFS. **F)** Association of SIRT1-low/N1IC-high and SIRT1-high/N1IC-high with OS and DFS.

In addition, we analyzed the prognostic significance of the combined expression of SIRT1 and N1IC. Patients with SIRT1-low/N1IC-high expression had significantly shorter OS (*p* = 0.003) and DFS (*p* = 0.004) compared to the patients in other three group (Figure [4](#Fig4){ref-type="fig"}D). The SIRT1-low/N1IC-high group was also association with markedly decreasing of OS (*p* = 0.034) and DFS (*p* = 0.037) when comparing to the SIRT1-high/N1IC-low group (Figure [4](#Fig4){ref-type="fig"}E). Additionally, the SIRT1-low/N1IC-high was significantly related to poorer survival (OS: *p* = 0.000; DFS: *p* = 0.001) comparing with SIRT1-high/N1IC-high group (Figure [4](#Fig4){ref-type="fig"}F). However, no significant difference in OS and DFS was found between SIRT1-low/N1IC-high and SIRT1-low/N1IC-low group, it's may be too few patients (n = 3) in the SIRT1-low/N1IC-low group. There also was no significant difference when paired in comparison in other groups.

Univariate Cox regression analysis was performed to analyze the relationship between SIRT1, N1IC, Snail expression, clinicopathological features and OS and DFS in 122 breast carcinoma patients (Table [4](#Tab4){ref-type="table"}). Consistent with the Kaplan-Meier survival curves, patients with low expression of SIRT1 alone and the SIRT1-low/N1IC-high expression had significantly shorter OS and DFS. Moreover, the SIRT1-low/N1IC-high group had shorter OS (HR, 3.278-fold) and DFS (HR, 3.233-fold) than the low expression of SIRT1 alone (OS: HR, 0.278-fold; DFS: HR, 0.282-fold). The expression level of N1IC or Snail was not significantly associated with OS and DFS. Of the clinicopathological features analyzed, lymph node metastasis, TNM stage IV, and negative ER and PR status were significantly related to shorter OS and DFS.Table 4**Univariate Cox regression analysis for overall survival (OS) and disease-free survival (DFS) in 122 breast cancer patientsVariablesOSDFSHR95% CI*p-*** **valueHR95% CI*p-*** **value**Breast cancer patients (n =122)Age (≥50 vs. \<50)1.6310.676--3.9350.2771.6110.688--3.8880.288Lymph node metastasis (presence vs. absence)9.1112.681--30.9610.000\*9.1232.685--30.9970.000\*TNM stage (IV vs. 0--III)6.8512.901--16.1800.000\*7.2553.067--17.1620.000\*Histological grade (3 vs. 1 + 2)1.1450.462--2.8370.7711.1490.464--2.8480.764ER status (negative vs. positive)0.3380.131--0.8710.025\*0.3510.136--0.9010.031\*PR status (negative vs. positive)0.1860.063--0.5530.002\*0.1910.064--0.5660.003\*HER2 status (positive vs. negative)0.6570.241--1.7930.4120.6460.237--1.7630.393SIRT1 expression (low vs. high)0.2780.118--0.6570.004\*0.2820.121--0.6660.004\*N1IC expression (high vs. low)1.3950.469--4.1450.5491.3940.469--4.1420.551Snail expression (high vs. low)1.9660.719--5.3720.1882.0310.743--5.5520.167SIRT1/N1IC expression (high/low)10.01310.014SIRT1/N1IC expression (low/low vs. high/low )000.985000.985SIRT1/N1IC expression (high/high vs. high/low)0.6930.203-2.3680.5590.6920.203-2.3660.557SIRT1/N1IC expression (low/high vs. high/low)3.2781.025--10.4810.045\*3.2331.012--10.3260.048\*\*P \< 0.05.

To address whether the expression level of SIRT1and N1IC or combined expression status of SIRT1/N1IC was an independent prognostic factor in 122 patients with breast cancer, we performed multivariate survival analysis using two models (Table [5](#Tab5){ref-type="table"}). Model 1 analyzed the expression profiles of SIRT1, N1IC, Snail, and clinical variables. Model 2 was adjusted for combined expression patterns of SIRT1/N1IC instead of expression of SIRT1 and N1IC alone. The results revealed that low expression of SIRT1, lymph node metastasis, and negative PR status were independent prognostic factors of shorter OS and DFS (Table [5](#Tab5){ref-type="table"}, Model 1). The expression of SIRT1-low/N1IC-high, lymph node metastasis, and negative PR status were also independent prognostic indicators of shorter OS and DFS (Table [5](#Tab5){ref-type="table"}, Model 2). Moreover, the SIRT1-low/N1IC-high group has shorter OS and DFS (HR, 3.519-fold and 3.613-fold, respectively) than those with low expression of SIRT1 alone (OS: HR, 0.220-fold; DFS: HR, 0.207-fold).Table 5**Multivariate Cox regression analysis for overall survival (OS) and disease-free survival (DFS) in 122 breast cancer patientsVariablesOSDFSHR95% CI*p*** **-valueHR95% CI*p*** **-valueModel 1 Breast cancer patients (n =122)**LN metastasis (presence vs. absence)9.0782.269--36.322 2.269--36.3220.002\*9.0612.262--36.296 2.262--36.2960.002\*TNM stage (IV vs. 0--III)1.6520.612--4.4600.3221.7690.645--4.8470.268ER status (negative vs. positive)1.1930.347--4.1010.7791.1300.332--3.8450.845PR status (negative vs. positive)0.1650.039--0.6880.013\*0.1790.043--0.7520.019\*SIRT1 expression (low vs. high)0.2200.079--0.6140.004\*0.2070.074--0.580.003\*N1IC expression (high vs. low)0.8150.249--2.6750.7360.7930.24--2.6210.704Snail expression (high vs. low)1.1890.639--5.1740.2621.9380.677--5.5510.218**Model 2 Breast cancer patients (n =122)**LN metastasis (presence vs. absence)7.9132.002--31.2860.003\*7.7771.965--30.7860.003\*TNM stage (IV vs. 0--III)1.6590.614--4.4830.3181.7980.654--4.9430.256ER status (negative vs. positive)1.2030.353--4.0930.7681.1520.342--3.8820.819PR status (negative vs. positive)0.1660.040--0.6850.013\*0.1800.043--0.7490.018\*Snail expression (high vs. low)1.9010.667--5.4180.2292.0310.709--5.8210.187SIRT1/N1IC expression (high/low)10.02310.016SIRT1/N1IC expression (low/low vs. high/low)000.986000.987SIRT1/N1IC expression (high/high vs. high/low)0.6950.202-2.3950.5640.6650.191-2.3170.522SIRT1/N1IC expression (low/high vs. high/low)3.5191.031--12.010.045\*3.6131.066--12.250.039\*\*P \< 0.05.

Discussion {#Sec11}
==========

Recent studies of the prognostic role of SIRT1 in breast cancer have reported contradictory results \[[@CR8]-[@CR12]\], and previous studies concerning the role of Notch1 signaling in breast carcinoma have reported that expression of Notch1 is related to poor survival \[[@CR21],[@CR22]\], but to date, no direct assessment of the correlation between SIRT1 expression, Notch1 signaling, and patient outcome has been carried out. To this end we examined the immunohistochemical expression of SIRT1, N1IC, and Snail and analyzed their prognostic significance in breast carcinoma. Our results suggest that, of these proteins, only the low expression of SIRT1 alone, and the combined expression of SIRT1-low/N1IC-high are significantly associated with worse survival in breast cancer patients.

The prognostic role of SIRT1 in human tumors has previously been studied. Jung et al. \[[@CR30]\] reported that SIRT1 over-expression is a favorable prognostic factor for colorectal cancer. Recent studies in breast carcinoma have found SIRT1 to be an indicator of good prognosis \[[@CR12]\]. It has also been reported to be involved in suppressing cancer cell growth, invasion, and metastasis, by deacetylation of Bcl-2 \[[@CR31]\], p53 \[[@CR5]\] and c-Myc \[[@CR11]\], and affecting estrogen signaling \[[@CR32]\]. In our study, SIRT1 was highly expressed in 77.3% (116/150) breast cancer patients, and SIRT1 over-expression was associated with prolonged survival. Regression analysis using the Cox's proportional hazards model confirmed that low expression of SIRT1 was associated with a poorer prognosis. Moreover, multivariate analysis indicated the low expression of SIRT1 was a statistically significant indicator of poor prognosis, independent of established clinicopathological prognostic factors. In addition, the low expression of SIRT1 was associated with lymph node metastasis and negative PR status. Therefore we believed that low expression of SIRT1 identifies a group of tumors with a very poor prognosis, and suggests that SIRT1 may be a potential therapeutic target in breast cancer. However, in contrast to our results and other previous reports, some studies have indicated that over-expression of SIRT1 may correlate with poor prognosis in certain types of tumor \[[@CR33]-[@CR36]\], including breast carcinoma \[[@CR8]-[@CR10]\]. This discrepancy might arise from differences in tissue specificity or differences in downstream targets of the enzyme. Therefore, further research is needed to clarify the function of SIRT1.

Notch1 signaling has been proposed as a poor prognostic marker in breast carcinoma \[[@CR21],[@CR22]\]. Notch1 is involved in migration and invasion of tumor cells, and an elevated Notch1 protein is associated with poor outcome \[[@CR19]\]. However, the detection of the Notch1 protein alone cannot determine whether Notch1 signaling is active. Therefore, we performed additional immunostaining for N1IC, the intracellular form of Notch1 protein, and marker of activated Notch1 signaling. As expected, our results showed the high level of N1IC expression (75.0%, 112/150) in breast tumor specimens was consistent with our previous findings of up-regulated Notch1 in breast cancer tissue \[[@CR37]\]. Our study demonstrated that N1IC over-expression was associated with poor prognosis using Kaplan-Meier analyses. However, there was no statistical correlation of N1IC with survival by univariate Cox regression analysis, and N1IC was not found to be an independent prognostic factor by multivariate analysis. With regard to the relationship between N1IC and clinicopathological parameters, we found that high expression of N1IC was significantly related to lymph node metastasis, which is in agreement with our previous studies focusing on Notch1, meanwhile, over-expression of Notch1 was positively correlated with invasion and metastasis by epithelial-mesenchymal transition (data not shown). In addition, the transcription factor Snail was highly expressed in breast cancer patients (62%, 93/150), but the high expression of Snail was not significantly related to poor survival of patients, then, it was associated with lymph node metastasis. This was consistent with published findings that up-regulation of Snail promoted mammary tumor cell migration, invasion, and metastasis via RANKL inducing epithelial-mesenchymal transition \[[@CR38]\]. Meanwhile, the expression of Snail was a positive correlation with N1IC expression, which is consistent with previous studies carried out in hepatocellular carcinoma \[[@CR15],[@CR39]\]. This result underlined the important synergistic effect of N1IC and Snail proteins on breast cancer progression, and also confirmed the finding that demonstrated in other scholar studies \[[@CR40],[@CR41]\]. In next study, we will need to explore possible target genes of N1IC or Snail, which may be suitable for therapeutics of breast cancer. In current, just only the role of Notch1 or N1IC protein in cancer therapies have been reported \[[@CR42],[@CR43]\], which demonstrated that rescue of notch1 signaling in antigen-specific CD8+ T cells enhances immunotherapy in cancer \[[@CR42]\], and γ-secretase (in Notch signaling) inhibitor PF-03084014 and docetaxel (activating Notch pathway) can synergistically effect on therapy of breast cancer \[[@CR43]\].

The most striking research in our study was the evaluation of correlation between SIRT1 protein and Notch1 signaling with breast cancer prognosis. Several recent studies have suggested that SIRT1 could be a negative regulator of endothelial Notch signaling through N1IC low expression in angiogenesis \[[@CR26],[@CR14]\]. Guarani et al. \[[@CR26]\] reported that SIRT1 acted as a negative modulator of Notch1 signaling in the level of N1IC protein in endothelial cells. The study showed that deacetylation of NICD (Notch1 intracellular domain) on conserved lysines by deacetylase SIRT1 resulted in down-regulating of acetylated NICD, and the decreasing acetylated N1IC underwent more ubiquitin-mediated degradation because acetylation can impair ubiquitination, and caused low N1IC protein level. Subsequently, the expression of target genes in Notch1 signaling were decreased, as a consequence, which increased vascular branching and density. Furthermore, Mian Xie et al. \[[@CR14]\] also indicated that SIRT1 negatively regulated Notch1 signaling mainly in the level of N1IC protein stability in endothelial cell of lung cancer. Their results demonstrated that deacetylation of promoter region in Notch1 by SIRT1 lead to repressing of Notch1 transcription and reducing of acetylated N1IC. Subsequently, N1IC protein levels was decreasing, and repressed the expression of Notch1 target genes, eventually enhanced tumor neovascularization and promoted lung tumor growth. Our findings were in accordance with the observations that the negative association of SIRT1 with N1IC in breast cancer tissues. Our results showed SIRT1 and N1IC protein expression was significantly inverse correlation in cancer tissues from 150 patients. In addition, we analyzed the association of SIRT1 with N1IC expression only in the 122 cases used for OS and DFS (Additional file [2](#MOESM2){ref-type="media"}: Figure S3). The results were in accordance with the observations in 150 cases. Moreover, we further analyzed the combined expression status of the two markers with disease outcome. The results showed that SIRT1-low/N1IC-high expression was associated with shorter OS and DFS compared with SIRT1-high/N1IC-low group, which further suggested an inverse correlation between SIRT1 and N1IC in breast cancer prognosis.

More important, we need further to evaluate the impacting prognosis of SIRT1 and N1IC expression level (high vs. low) and the two markers expression pattern (combined vs. alone) in breast cancer tissues. Our results showed the that combined SIRT1-low/N1IC-high expression was an independent worst prognostic factor in all SIRT1/N1IC groups and it associated with negative HER2 status and combined adjuvan therapy of chemotherapy, radiotherapy and endocrine therapy, which indicated SIRT1-low/N1IC-high may serve as a key poor prognostic and therapeutic indicator. Meanwhile, as mentioned above, we found low expression of SIRT1 alone was an independent factor for poor prognosis. In addition, we also found the SIRT1-low/N1IC-high group has shorter OS and DFS than those with low expression of SIRT1 alone. Taken together, these findings suggested high SIRT1 may be breast cancer protective in a Notch1-depndent manner. Further, we analyzed these results and found it was the interesting that 25 out of 28 SIRT1 low expression cancers were N1IC high expression, combining with shorter OS and DFS in SIRT1-low/N1IC-high group than in low SIRT1 alone, so the finding raised the intriguing possibility that inhibition of N1IC in low SIRT1 breast tumors might improve the survival of patients. Additionally, when compared the prognosis relationship between SIRT1-low/N1IC-high and SIRT1-high/N1IC-high group, our results showed SIRT1-low/N1IC-high group had worse outcome than the SIRT1-high/N1IC-high group, which confirmed low expression of SIRT1 may be an important indicator for worse survival in N1IC high breast cancer. However, no significant difference of OS or DFS were found in other groups, which may be partly due to the too few registered patients in SIRT1-low/N1IC-low subgroup (3 cases). All the results together, the SIRT1 protein and Notch1 signaling mainly manifested in the level of N1IC played an important role in the prognosis of patients, and may represent therapeutic targets for breast cancer. The mechanism by which SIRT1 represses N1IC expression will be needed to further be explored.

Conclusion {#Sec12}
==========

In conclusion, this study has demonstrated that low expression of SIRT1 was significantly associated with poor outcome, and combined low expression of SIRT1 and high expression of N1IC could identify breast cancer patients with the worst prognosis. Protein expression of SIRT1 and N1IC showed a significant inverse correlation. These findings suggest that the SIRT1-Notch1 signaling axis is important in breast cancer progression, and SIRT1 may be a more important prognostic biomarker in Notch1-depndent manner to breast carcinoma. The mechanism of SIRT1 and Notch1 signaling in breast cancer progression needs to be further studied in order to harness the potential of SIRT1and N1IC expression in the clinical setting.
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